chronic illness results in the need for the provision of informal care within the community, a study from Europe reported that informal care carries large, though partially "hidden" costs, to both individuals and governments (Adams, 2010; Schneider & Kleindienst, 2016) .
A number of studies have shown that informal carers are more likely than non-carers to have reduced labour force participation, lost wages, and be at an economic disadvantage (Bittman, Hill, & Thomson, 2007; Nepal, Brown, Ranmuthugala, & Percival, 2011; Schofield et al., 2014) . Furthermore, governments often pay an economic cost through both reduced workforce participation (Gray & Edwards, 2009 ) and early retirement of informal carers (Schofield et al., 2014) . Informal carers are also more likely to be women, and in an older demographic (Nepal, Brown, Kelly, et al., 2011) . A study comparing the economic prospects of women carers and non-carers showed that primary carers tended to be more financially disadvantaged than non-carers, earning between 10% and 74% of non-carers expected income (Nepal, Brown, Kelly, et al., 2011 ). An analysis of the economic prospects of primary carers using the 2007 Household Income and Labour Dynamics in Australia (HILDA) data reported that being the main caregiver reduces the probability of employment by 12 percentage points compared to non-carers (Nguyen & Connelly, 2014) . Informal carers experience emotional stress and a physical burden, in addition to economic costs (Hussain, Wark, Dillon, & Ryan, 2016; Singh, Hussain, Khan, Irwin, & Foskey, 2014) .
Although studies have quantified the impacts of informal caregiving on mental health (Hussain et al., 2016) and labour force participation (Schofield et al., 2014) , to our knowledge, no studies have projected economic costs of informal caregiving in terms of income loss of carers and increases in welfare payments and reduced tax revenue of governments. While some studies have assessed the economic costs of informal caring at a single point in time (Schofield et al., 2014) , in this study, we quantify the economic cost under current government policy to informal carers and governments through lost labour force participation and resultant lost income, welfare payments, and lost taxes at five-year increments, to 2030.
| MATERIAL S AND ME THODS

| Data
We analysed the outputs of the microsimulation model, Care&WorkMOD, built to analyse the economic impacts of lost Productive Life Years (PLYs) of informal carers from 2015 to 2030.
The input data for Care&WorkMOD was based on confidentialised records of individuals aged 15 to 64 years from the Australian Bureau of Statistics' (ABS) Surveys of Disability, Ageing, and Carers (SDAC) 2003 and 2012 (Australian Bureau of Statistics, 2005 , 2012 Schofield et al., 2011 ).
An informal carer is defined in the Surveys of Disability, Ageing and Carers (SDACs) as a person who provides any informal assistance, in terms of help or supervision, to someone who has a disability or a long-term health condition, for at least 6 months. In contrast, formal carers generally provide these services as their main occupation and receive payment in return. A primary informal carer is someone who provides the most informal assistance to a person with a disability with one or more of the core activities of mobility, self-care, and communication.
Specific questions in the SDAC survey determined if people were "informal carers of people with a chronic condition" and only these respondents were included. Other conditions are included in the survey, however, these were excluded and only informal carers of the discrete group "chronic conditions" were included in the analysis.
The SDAC questioned respondents about their labour force status, and if they were out of the labour force, the reason for this, in particular, whether the respondents stated they were out of the labour force due to caring for "someone else's ill health or disability". To enable the model to project into the future, additional information (income, welfare, and taxes paid) on each person surveyed is uprated to 2015 using data from another model STINMOD (Static Incomes Model), a microsimulation model of Australia's income, tax, and transfer system. (Percival, Abello, & Vu, 2007) . This enables all outcomes to be presented in 2015 dollars. The population and labour force projected totals for 2015 to 2030 are based on the latest Intergenerational Report (The Treasury, 2015) , which projects what the population will be and what proportion of each age-gender group will be in the workforce, and the distribution was based on data from the Australian Population and Policy Simulation Model (APPSIM) (Keegan & Kelly, 2009) .
A schematic diagram of Care&WorkMOD is provided in Figure 1 . 
What is known
• The ageing population means that the number of people requiring informal care in the community is increasing.
• The resultant associated costs due to reduced carers' labour force participation are also rising.
What this paper adds
• The estimated costs to the Australian Government of informal carers leaving the workforce prematurely to provide care are projected to increase from $2.44 billion in 2015 to $3.38 in 2030.
• Prevention of chronic illness may allow informal carers in the community to stay engaged in the labour force longer, and thus may save governments billions in lost income tax revenue and welfare spending. This means the labour force status of individuals over time does not change. Similarly, incomes (in real terms) and government policy do not change during the simulated period. We assume that the amount of work is not fixed (Bishop, 2016, p. 122) .
Additional economic information was sourced from the 2015 STINMOD dataset and linked to Care&WorkMOD base population using synthetic matching (Rässler, 2002) . Income and other economic data were indexed to capture the economic growth projections to 2030. Earnings and taxes paid by individuals grow at 1% per annum in real terms i.e., 1% above inflation. The growth estimate is the same as that used by the Australian Treasury (The Treasury, 2015) . Welfare payments other than the Age Pension, Disability Support Pension, and Carer Payments were assumed to have no real growth (i.e., they are assumed to grow at the same rate as inflation) based on the Australian Government's policy of increasing welfare payments other than pensions in line with Consumer Price Index growth (The Treasury, 2015) .
The Age Pension, Disability Support Pension, and Carer payments were assumed to grow at the same rate as earnings (i.e., a real growth of 1% per annum), matching the current government policy on these payments. Categories of carers are described in Schofield et al. (2014) . Our analysis focuses on the economic costs of primary carers of care recipients who live with them. The same growth assumptions were applied to both the STINMOD and APPSIM models, to ensure consistency between them.
| Statistical analysis
We estimated the mean, standard deviation and median weekly income, welfare payments, and taxes paid by people aged 15-64 years who were primary carers and out of the labour force due to their caregiving roles; and those who were non-carers and in the labour force (employed full-time (FT), employed part-time (PT)). All costs were expressed in real 2015 Australian dollars. People out of the labour force due to informal caregiving are referred to as "informal carers".
The differences in economic costs for those not in the labour force (NILF) (or lost PLY) due to their caregiving roles compared to those non-carers in FT or PT employment, were estimated using counterfactual simulation with Monte Carlo methods. For each record of those NILF due to their caregiving roles, a counterfactual record was selected at random with replacement from the pool of non-carers who were in FT employment; records were matched for age group, sex, and highest level of education. The mean of the difference in these economic outcomes between the records of those NILF due to their caregiving roles and their counterfactuals was estimated. While some studies take the approach of estimating the value of care provided, in this study we focus on actual costs (Casey, 2011) . A total of 1,000 simulations were run, generating 1,000 counterfactual datasets for records of those NILF due to caregiving roles.
The average of the 1,000 simulations and the 95% confidence interval (CI), estimated using the percentile method, are reported in this study.
To estimate the economic costs of lost labour force participation of informal carers, counterfactuals were drawn from the pool of noncarers who were in the labour force (i.e., employed FT or employed PT or unemployed). Analyses were conducted using SAS, version 9.4 (SAS Institute, Cary, NC, USA). The use of the data was approved by the Australian Bureau of Statistics Microdata Review Panel.
| RE SULTS
There were approximately 495,000 (3% of the total Australian population aged 15-64 years old) primary informal carers aged 15-64 years in Australia in 2015 who were providing care for someone who lives with them, for at least 6 months, although not all these people had a chronic condition. Of these, 69% were females. Around F I G U R E 1 A schematic diagram showing the input data and microsimulation models in Care&WorkMOD2030 55% of female primary informal carers were out of the labour force, which, as expected, was higher than for male primary carers (40% out of the labour force) (Table 1 ). Primary informal carers had a much higher percentage of people out of the labour force than for noncarers, 55% versus 27% for female carers and non-carers and 40% versus 16% for male carers and non-carers respectively (Table 1) . Of all the employed informal carers, 45% were working PT, compared to the employed non-carers, of whom only 30% were working PT.
The number of informal carers NILF to provide informal caring was estimated at around 106,000 in 2015, increasing to 127,000 in 2030 (20% increase, Table 2 
| D ISCUSS I ON
Income losses to informal carers due to their caregiving role were projected to increase by 49%, and costs to government through extra welfare payments were projected to increase by 39% over the There are a number of important policies and practical approaches that may support carers. Effective treatment and prevention of health conditions needing significant care would substantially reduce the burden on individuals and their carers. One example of emerging medical management is genomic medicine, which has led to the provision of much greater information, for medical personnel and individuals, about some highly disabling health conditions with a high demand for care (Doble, Schofield, Roscioli, & Mattick, 2016 care. However this is offset by the unmet need for informal care (Nepal, Brown, Kelly, et al., 2011) . Support for carers in Australia includes respite care, counselling, and support services from community organisations, and financial assistance in the form of the Carer Payment, Carer Allowance, and Carer Supplement Payment (Adams, 2010; Diminic et al., 2017) . For the supply of informal carers to be sustained into the future, and to avoid increasing costs to government, supportive policy on providing support for informal carers to access the labour force is needed.
The encouragement of labour force participation by non-carers may also be of a non-financial nature, that is, counselling or support, as financial incentives alone may not be sufficient for people caring for family/friends with ill-health when that is the main reason for them exiting the workforce. The Australian Government provides legislation to prevent discrimination (see Schofield et al., 2014) .
However, community support services including respite and day care may have a stronger influence than legislation alone. Greater investment in support services may increase the workforce participation of informal carers, resulting in larger benefits to the government than the cost of the community services. In addition to reducing income and taxes to the government, informal carers also reduce the cost of residential care.
Modelling this investment/loss from informal carers is valuable because if the care is not provided by informal means, it may have to be provided by the health care system (Diminic et al., 2017) . Further, modelling informal carers (number and costs) may be used to inform policies that support carers, with as little loss of income as possible, and minimise the need for formal aged care and other care facilities. By modelling specific diseases, and any policy interventions on a specific disease, the microsimulation can estimate the cost saved in lost wages, taxes, and increased welfare. For example, modelling the costs of leaving the workforce with osteoarthritis (Schofield, Shrestha, Cunich, & West, 2016) , back pain (Jensen, Riis, Petersen, Jensen, & Pedersen, 2017) or mental health problems (Schofield et al., 2011) could quantify the national federal savings and impact on carer workforce participation and income resulting from that intervention. Any investment in health and community service interventions that improves the capacity of informal carers to work, will help maintain workforce participation, increasing national taxation revenue, and ensure costs of welfare are reduced. Further, the model could also be used to simulate the impact of increases in welfare payments such as the Carer Payment to increase carer's annual income.
| CON CLUS IONS
Globally, an ageing population means the number of people in the community requiring care for chronic conditions will increase in future decades. Governments that choose novel and wholistic strategies to support the workforce participation of carers could substantially improve their annual income, and standard of living.
Microsimulation of informal caring allows testing of policy changes on income. For example, one could model the cost of interventions on specific diseases such as mental health, or back pain, which would subsequently allow the carers to return to the workforce. Focusing scarce health resources into the prevention and management of key chronic conditions which result in high care needs could reduce the need for care and result in improved economic circumstances for carers and reduced costs to government.
CO N FLI C T O F I NTE R E S T
We are financially independent of the funding sources, and the funding sources (including Pfizer Australia) played no part in the research design, the analysis, formulation or interpretation of the results, the decision to publish the research findings, or in any other aspect of the research process.
O RCI D
Deborah Schofield
http://orcid.org/0000-0002-1658-494X
